
Examples of Influences on Trait Variation

Flamingo Coloring

Flamingos are born with gray feathers. They change color as they grow. Their color depends on what they
eat. Some flamingos eat more algae and less brine shrimp in their diet, while others eat more brine shrimp
and less algae.

The algae and brine shrimp that flamingos eat both contain pigment molecules called carotenoids. The
carotenoids are broken down into pink and orange pigment molecules in the liver of the flamingo. Then
these pink and orange pigments are absorbed by fats in the feathers, bill, and legs of the flamingos.

The brine shrimp flamingos also eat the algae that gives them a pinkish-orange color. Flamingos that eat
these shrimp are not as deeply colored as flamingos that eat more of the algae directly themselves. So,
deeply colored pink and orange flamingos are found more typically in wetter areas where there is more
algae, such as in the Caribbean. Paler pink flamingos usually live in drier habitats where they eat more
shrimp, like Lake Nakuru in Kenya.

Flamingos in captivity are fed a special diet that includes prawns (that are also colored like brine shrimp) or
their food has extra pigments added in. If they didn’t have these certain components of their diet, they
would be white or very pale pink.

Adapted from: Helmenstine, Anne Marie, Ph.D. (2019, August 7). Why Are Flamingos Pink? Retrieved from
https://www.thoughtco.com/why-are-flamingos-pink-607870
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Apple Coloring

Apples get their red color from a pigment molecule called anthocyanin. The redness of an apple depends
on how much of the anthocyanin pigment is in its peel. How much anthocyanin pigment develops depends
partly on the genes of the apple. Some varieties of apples, such as Granny Smith, stay green. They do not
develop red coloring because their genes do not influence the production of much anthocyanin at all.
Varieties that are partly or fully red, such as Red Delicious and Honeycrisp, have genes that influence the
production of anthocyanin. But exactly how red the apples become is influenced by environmental factors
as well.

Temperature plays a significant role in how much anthocyanin an apple produces. Lower temperatures
increase the amount of anthocyanin in an apple’s peel, and higher temperatures reduce it. So, Honeycrisp
apples from cooler northern areas have brighter red blush or stripes than those grown in warmer climates.

The amount of light apples get as they grow also affects the redness of their color. Farmers may prune off
branches on an apple tree that aren’t producing fruit to avoid shading the fruit that is growing. Some
farmers also place reflective materials below their apple trees to direct more sunlight onto the fruit. More
light on the fruit generally means they will have more red coloring.

Other environmental factors have less impact on apple color, but still can play a role. For instance, apples
will not have as much red coloring if the tree is stressed by trying to grow too many fruits, if it hasn't had
enough water, if insects are eating its leaves, or if it doesn’t have enough nutrients.

Adapted from: Marini, Rich, Ph.D. (2017, October 25). Fruit Color - Promoting Red Color Development in
Apples. Retrieved from https://extension.psu.edu/fruit-color-promoting-red-color-development-in-apple
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Sunflower Seed Size

People have been selectively breeding sunflowers for more than 4,000 years. Farmers have used
selective breeding to develop sunflower varieties that produce different sizes of seeds.

Most sunflower seeds grown on farms are used to produce cooking oil. The oil is extracted by squeezing
the seeds after they are harvested. Seeds for oil are typically quite small. Wild sunflower seeds usually
have less than 30 percent oil in them, but varieties bred by farmers have 45-50 percent oil in their seeds.
After the oil is extracted, the remaining parts of the seed are ground up and fed to livestock. Snack food
sunflower seeds have been bred to produce bigger seeds. The biggest sunflower seeds are sold in-shell.
Medium-sized ones are shelled and used in foods like granola bars or ground into sunbutter. Some smaller
seeds are used for birdseed.

Since sunflowers are an important crop, many scientists have been studying their genetics. They have
found seven regions on sunflower chromosomes related to the weight of a sunflower’s seeds. They have
found five regions associated with the width of sunflower seeds. Two regions on sunflower chromosomes
are known to be connected to the length of the seeds. Four other regions seem to be connected to several
of these traits, which indicates that many genes in different regions of chromosomes are responsible for
the size of a sunflower’s seeds.

Like all crops, sunflowers will not grow as well if they do not have the correct environmental conditions.
Sunflowers must be planted at the correct time of year. If they’re planted too early, the soil will be too cold.
If they’re planted too late, they will not have time to grow fully before summer is over. If a field is too
crowded with sunflower plants, they will not get enough sunlight and will not grow as well as if they are
evenly spaced. Although sunflowers do not need as much water as some other crops, if there is a drought
and water is too scarce, they will not grow well either. These environmental factors all impact the entire
sunflower plant and therefore the size of seeds it is able to grow, but the overall size of a sunflower’s seeds
is influenced by its genetics.

Sources:

Radanović, A., Miladinović, D., Cvejić, S., Jocković, M., & Jocić, S. (2018). Sunflower Genetics from Ancestors
to Modern Hybrids-A Review. Genes, 9(11), 528. doi:10.3390/genes9110528

Sunflower Planting Tips (2001, April 1). The Sunflower Magazine. Retrived from
https://www.sunflowernsa.com/magazine/articles/default.aspx?ArticleID=2964
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Arm Span Length

For many years, humans have been investigating why different people come in different shapes and sizes.
Scientists think that the length of people’s limbs (arms and legs) is largely influenced by many different
genes they have inherited. The inheritance of these gene alleles from one’s parents helps explain why
children usually grow to be approximately the same size as their parents, but different combinations of
alleles can cause siblings to be different sizes.

Scientists only partially understand which genes affect the length of a person’s arms or legs. For example,
more than 700 genetic variations related to height have been discovered and many more are expected to
be identified. Some of these variations are in genes that affect growth plates, which are areas in the long
bones of the legs and arms where new bone cells are produced, lengthening the bones as children grow.
The function of many other limb-length-associated genes remains unknown.

Scientists have identified some very rare alleles that can have dramatic effects on people’s limb length. For
example, variants in the FGFR3 gene cause a form of short-limbed dwarfism. Another example is the FBN1
gene, related to Marfan syndrome. Individuals with Marfan syndrome are usually tall and slender, have
elongated fingers and toes, and an especially long arm span. However, these conditions, where a single
gene can have such dramatic affect on a limb length, are very uncommon.

For most people, the size of their limbs is also influenced by environmental factors. Whether a mother
smoked or ate nutritious foods while pregnant can impact the size of a child. A child who is well-nourished,
healthy, and active is likely to grow to have longer limbs as an adult than a child who had a poor diet,
infectious disease, or inadequate health care.

Adapted from: Is height determined by genetics? NIH: US National Library of Medicine.
Retrieved on December 3, 2019 from https://ghr.nlm.nih.gov/primer/traits/height

Other sources:

Sabine De Brabandere (2017, March 16). Human Body Ratios. Scientific American. Retrieved from
https://www.scientificamerican.com/article/human-body-ratios/

Philip H. Quanjer, André Capderou, Mumtaz M. Mazicioglu, Ashutosh N. Aggarwal, Sudip Datta Banik, Stevo
Popovic, Francis A.K. Tayie, Mohammad Golshan, Mary S.M. Ip, Marc Zelter. All-age relationship between
arm span and height in different ethnic groups. European Respiratory Journal Oct 2014, 44 (4) 905-912;
DOI: 10.1183/09031936.00054014
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Wasp Face Markings

Individuals of the Polistes dominulus species of paper wasp have distinctive facial markings. Researchers
have found that certain facial patterns are associated with certain status in the colony: some patterns
indicate a higher rank and other patterns indicate a lower rank.

A female paper wasp (queen) builds a nest to start a colony in the spring. She lays each of her eggs in an
identical nest cell, where they hatch into larvae. Worker wasps help the queen feed the larvae insects, such
as caterpillars. After the larvae have matured into adults, they have their own unique facial markings.

Researchers wanted to see what causes the different facial features of these wasps. So, they took several
wasp nests from the wild and raised them in controlled environments: some with access to whatever
typical food they could find, and some with access to supplemental food (extra caterpillars). When the
adults developed, it turned out that the nests with access to the extra food had individuals with markings
that indicated higher rank, and the nests without extra food had individuals with markings of lower rank.
Researchers believe that the higher-rank facial markings show other wasps that those individuals are well-
prepared for survival because they had good nutrition while they were developing. It would make sense for
the wasp colonies that the most healthy wasp(s) be dominant over the others, and possibly less-healthy
workers have lower ranks.

These researchers did notice that facial patterns were more similar in wasps from the same nest, and
more different when comparing wasps from different nests. This makes sense because offspring within a
nest have similar genotypes (the same queen laid all those eggs). However, all the wasps from each nest
were raised in the same environment, so it is difficult to tell whether genotype or environment is the
reason for the within-nest similarity.

Sources:

Elizabeth A. Tibbetts, Tracy R. Curtis, Rearing conditions influence quality signals but not individual identity
signals in Polistes wasps, Behavioral Ecology, Volume 18, Issue 3, May 2007, Pages 602–607,
https://doi.org/10.1093/beheco/arm013

Benson, Eric P. Paper Wasps. Clemson Cooperative Extension. Retrieved from
https://www.clemson.edu/extension/beekeepers/fact-sheets-publications/paper-wasps.html
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